To examine secular trends in measures of fatness over a 10-y period (the 1990s) in Northern Irish schoolchildren. DESIGN: Repeat cross-sectional surveys. SUBJECTS: In total, 12-and 15-y-old children randomly selected from post-primary schools. A total of 1015 children studied between 1989 and 1990, and 2017 studied between 1999 and 2001. MEASUREMENTS: The same study methods were applied in both surveys. Body mass index (BMI) was calculated from height and weight, and percentage body fat (%BF) was derived from skinfold measurements at four sites. Dietary intake was assessed using a diet history method and habitual physical activity (PA) was estimated from a self-report questionnaire. RESULTS: Increases were seen in both height and weight in all age-sex groups. The overall prevalence of overweight/obesity increased from 15.0 to 19.6%, but 12-y-old girls contributed most to this increase (15.9-26.3%), with a modest increase observed also in 15-y-old boys. Increases in mean BMI (19.2-20.3 kg/m 2 ) and mean %BF (25.8-27.1%) were seen in 12-y-old girls, with no significant changes in any of the other subgroups. Mean energy intake increased in girls but not in boys, while mean PA score decreased in 12-y-old girls, but was unchanged in the other three groups. All age-sex groups showed substantial increases in the sugar intake while fat intake increased in girls and decreased in boys. CONCLUSION: Increases in indices of fatness were seen among school-age children in Northern Ireland during the 1990s. Trends differed between age-sex groups with the largest changes seen in 12-y-old girls. It remains to be seen whether the large increase in overweight/obesity in this group tracks into adulthood, with consequences for chronic disease incidence in women.
Introduction
Overweight and obesity in adults are established risk factors for cardiovascular disease, diabetes, arthritis and certain cancers [1] [2] [3] and people who are overweight die earlier than people of average weight, particularly if they have been overweight in early life. 4 Direct costs to the National Health Service of treating obesity and its consequences were estimated at d500 million (B$910 million) in England in 1998, with indirect costs estimated at d2100 million (B$3825 million). These costs are predicted to rise by at least one-third by the year 2010.
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Obesity tracks strongly from late school age to adulthood, 6 and the later into adolescence that overweight persists, and the more severe the obesity, the greater the likelihood of adult obesity. 7, 8 In developed countries, there has been a dramatic increase in the prevalence of overweight and obesity in children from pre-school age to adolescence over the last 30 y. [9] [10] [11] [12] [13] [14] The causes of these trends are unclear but may result from decreases in physical activity levels and dietary changes. 9 We investigated 10-y trends in measures of weight-forheight and body fatness in two cross-sectional surveys of Northern Irish school children, and examined the influence of changes in physical activity levels, dietary habits and other factors on observed trends.
Methods
The first Young Hearts study (YH1) was carried out in [1989] [1990] to evaluate the status of major modifiable coronary risk factors within the adolescent population of Northern Ireland (NI). Random samples of 12-and 15-y-old boys and girls were taken for the study, with approximately 250 children in each of the four age-sex groups. Details of the study design have been presented elsewhere. 15 A further cross-sectional survey,
Young Hearts 2000 (YH2000), was carried out in 2000.
Approximately 500 children in each of four age-sex groups were recruited through post-primary schools. As in YH1, the sampling procedure sought to take account of the structure of secondary education within NI, both by selection policy and geographical spread. In each survey, schools were stratified by education area board and by school selection policy (grammar and nongrammar). From each stratum, a two-stage cluster sample of children was obtained. The primary sampling units were schools randomly selected with probabilities proportional to school size: 16 schools took part in YH1; 36 schools took part in YH2000, two schools appearing in both studies. The secondary units were the children randomly selected from the appropriate age-sex groups within the school. The number of children selected in each age-sex stratum cell was proportional to the corresponding population number. Ethical approval was obtained from the Research Ethics Committee of the Queen's University of Belfast, and written consent for participation was obtained from the participant, and from each participant's parent or guardian. Screening took place at schools during normal school hours. In both surveys, height was measured to the nearest millimetre, using a Holtain stadiometer (Holtain Ltd, Crymych, Dyfed). Weight was recorded, with the subject wearing light indoor clothing and no shoes, to the nearest 100 g, using a Seca 770 electronic weighing scale (Seca Ltd, Hamburg). Skinfold thicknesses were measured to the nearest 0.1 mm using Harpenden skinfold calipers at four sites on the dominant side of the body: mid-biceps, midtriceps, supra-iliac and subscapular. In both surveys, subjects' parents also provided information on their height and weight (self-report).
Both surveys used the same self-administered recall questionnaire to estimate levels of habitual physical activity (PA). The questionnaire, developed for the 1989 Northern Ireland Fitness Survey, 16 recorded discrete units of activity in the form of routine daily events, such as travel to and from school, school breaks and activities after school, and during evenings and weekends, with the subjects' PA scored out of 100. Fitness was measured, in both surveys, by the 20 m shuttle run 17 with the number of completed laps used as the fitness score. In both surveys, data on habitual food intake were collected by a nutritionist-administered diet history method with open-ended interview. 18 In this age group, the diet history method has been shown to produce more valid estimates of energy intake at the group level than records of weighed intake. 19 In coding and analysing the nutrient contents of the foods consumed, a manual procedure was used in the original study while computer software was employed in YH2000, centage body fat (%BF) was calculated from the four skin fold thicknesses using the method of Durnin and Rahaman. 27 As there are no agreed thresholds for overweight and obesity based on %BF for children, we defined, within each age-sex group, overweight and obesity as above the 91st and 98th centiles, respectively, of %BF in the YH1 study population. These centiles have been used for defining childhood overweight and obesity based on BMI and waist-hip ratio.
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T-tests were used to examine mean differences in BMI and %BF between the two surveys for the whole study population and for age-and sex-specific subgroups (12-y-old boys, 12-yold girls, 15-y-old boys, 15-y-old girls) with linear regression modelling employed to adjust observed differences for Ten-year trends for fatness in Northern Irish adolescents DC Watkins et al explanatory variables such as physical activity, energy intake, etc. Differences, between the two surveys, in the proportions of children who were overweight and obese were examined using w 2 tests with adjustment of the trends by logistic regression modelling, which was also used to examine the relationships between overweight/obesity in children and their parents. All analyses were performed using the Statistical Package for the Social Sciences (SPSS), version 11.0 (SPSS Inc., Chicago, USA).
Results
A total of 1015 subjects participated in YH1: 251 12-y-old boys, 258 12-y-old girls, 252 15-y-old boys and 254 15-y-old girls. There were 532, 515, 487 and 483 children, respectively, in these age-sex groups in YH2000, totalling 2017 subjects. The overall response rate in YH2000 was 65.3% compared to 79.3% in YH1. Reasons for nonparticipation were ascertained by questionnaire from approximately 45% of nonparticipating YH2000 subjects. The distribution of reasons was similar to that found in YH1, with 40% of respondents citing objection to a blood test, 26% uninterested in taking part, 16% unwilling to miss schoolwork and 4% unwilling to undergo a fitness test. YH2000 nonparticipants provided self-reported height and weight from which BMI was estimated; it was lower than mean BMI in participants (19.6 vs 20.5 kg/m 2 , P ¼ 0.001). Mean height and mean weight increased significantly between the two surveys in all subjects and in each of the age-sex groups (Table 1) . Mean childhood BMI increased slightly between the two studies with the strongest evidence of increase seen in 12-y-old girls. Statistically significant changes in %BF were only seen in 12-y-old girls. Significant increases in both maternal and paternal BMI were seen between the surveys. Prevalences of overweight and obesity based on BMI and %BF thresholds are shown in Table 2 . Using BMI thresholds, the overall prevalence of childhood overweight/obesity increased by 4.6% from 15.0 to 19.6%. The largest absolute increases in overweight/obesity were seen in 12-y-old girls (10.4%), but the increase of 4.1% seen in 15-y-old boys was also statistically significant, being largely due to an increase in obesity in this age-sex group. Overall, in YH1, one in seven children were overweight/ obese and one in 40 obese and, in YH2000, one in five were overweight/obese and one in 23 obese. The prevalences of overweight and obesity obtained using %BF thresholds increased only in girls, with 12-y-old girls contributing most to the overall upward trend.
Changes in the proportion of parents who were overweight/obese are also shown in Table 2 . Absolute changes in overweight/obesity were more marked in parents than in children with the exception of 12-y-old girls. Children who had one overweight parent were twice as likely to be overweight than children with normal weight parents; odds ratio (95% confidence interval) 2.35 (1.71, 3.23). Children Ten-year trends for fatness in Northern Irish adolescents DC Watkins et al who had two overweight/obese parents were almost five times as likely to be overweight/obese as those who had two normal weight parents: odds ratio 95% CI, 4.69 (3.38, 6.50). These risks were slightly attenuated on adjusting for age, sex, pubertal status, birthweight, social class, activity score, fitness and energy intake: 1.84 (1.29, 2.62) and 3.67 (2.54, 5.31), respectively. There were no differences in the magnitude of these relationships between YH1 and YH2000 and they were similar within the age-sex groups.
In YH1, 15.5 and 14.4% of children from manual and nonmanual social classes, respectively, were overweight/ obese (w 2 ¼ 0.20, df 1, P ¼ 0.65); corresponding percentages in YH2000 were 22.0 and 18.5% (w 2 ¼ 2.86, df 1, P ¼ 0.09).
There were no significant relationships between birthweight and overweight/obesity in either survey (results not shown). Trends in reported mean intakes of energy, sugar and fat, and in physical activity and fitness scores are shown for all subjects and for each age-sex group in Table 3 . Overall, total energy intake increased slightly but the pattern differed between the sexes: reported calorie intake decreased in boys, but increased in girls. Sugar intake increased in all age-sex groups, while fat intake decreased in boys and increased in girls. Between the cohorts, the proportion of intake eaten as fat (all subjects) decreased from 38.3 to 34.2% of total energy intake, while the proportion eaten as sugar has increased from 20.8 to 23.9%. Overall, there was little evidence that physical activity levels changed over the period. However, within subgroups, 12-y-old girls had lower levels of physical activity in YH2000 compared to their counterparts in the earlier survey. Fitness levels overall improved between the surveys, but among the subgroups, only boys showed a significant increase.
Overall trends in indices of fatness were not attenuated with adjustment for exact age, sex, pubertal status, physical activity and total energy intake (Table 4 ) and trends within each age group (including 12-y-old girls) were not attenuated on adjustment for these variables. Further adjustment for with accelerating trends seen in 7-11-y-olds in the UK in the 1990s. 30 With the exception of 12-y-old girls, the trends between the YH1 and YH2000 surveys in mean BMI, and mean %BF were modest. BMIs in the YH2000 survey were very similar to those of children of the same age and sex who participated in the Health Survey for England 2000 (HSE 2000): 35 very similar to the means in YH1 children, which were measured in 1990. This suggests that the modest increases during the 1990s in mean BMI (and possibly %BF) in NI children, other than 12-y-old girls, may be because they were already heavy in 1990. Trends in the proportion of children who were overweight/obese may be more meaningful than trends in mean levels of indices of fatness. Overall, there was a 30% relative increase in the proportion of children who were overweight/ obese (based on BMI thresholds) between the two surveys. Twelve year-old girls contributed most towards this increase but significant increases were also seen in 15-y-old boys, although this was largely due to low levels of overweight/ obesity in this age group in 1990. The increase in obesity and overweight in 12-y-old girls (65% relative increase) is dramatic. This age-sex group had the highest prevalence of overweight/obesity in the YH2000 survey and also in the HSE 1998, 30 in which same age-sex-specific cutoffs were applied. The prevalence of overweight/obesity in older girls from both these surveys was substantially lower than in 12-yolds suggesting either that there have been rapid changes specifically affecting this age-sex group or that the increase in overweight/obesity in girls of this age is a transient phenomenon. We feel that changes in pubertal status are unlikely to be a significant factor in changing obesity patterns. The Tanner scale and the visual assessment of pubertal status are both likely to be poor and arbitrary measures of the range of sexual maturity, but adjustment for pubertal status did not alter the findings and, moreover, we Ten-year trends for fatness in Northern Irish adolescents DC Watkins et al do not think that age at puberty will have shifted to anything except a negligible degree over the 10 years between the studies.
A higher response rate in 12-y-old girls in YH2000 than in other groups could have contributed to the higher proportion obese/overweight seen in this age group but, although response was higher in 12-y-olds than 15-y-olds, there was no difference between the sexes among 12-y-olds. Response rates achieved in YH2000 were lower than those achieved in YH1 and, if heavy children were less likely to participate, trends in fatness may have been underestimated. However, YH2000 participants were not found to be lighter than nonparticipants (self-reported data), although self-reported height is often overestimated and weight underestimated.
This study shows profound changes in the diet of Northern Irish children during the 1990s. Dietary history data are subject to potential bias from under-and overreporting, but retention of the same method for both surveys means the observed dietary trends should be valid. Trends in total energy and fat intake showed a marked gender dichotomy, with girls showing increases in intake of both fat and calories while fat and energy intake in boys decreased or was stable. The increase in energy intake in girls is in contrast to other published data, which suggests that secular decreases in energy intake have taken place in both sexes in this age group in recent decades. [37] [38] [39] All age-sex groups show large increases in sugar intake between the two surveys. This trend seems to be peculiar to the 1990s as no increase in sugar intake was seen during the 1980s in 11-and 12-y-old Northumbrian children. 37 Changes in levels of physical activity and fitness varied between the groups but, in general, physical activity either decreased or remained stable while fitness increased in boys but not girls. The changes in fitness appear at odds with physical activity trends but it must be borne in mind that accurate measurement of physical activity is difficult, particularly in children, in whom the bulk of activity occurs in short, staccato bursts of only a few seconds duration. 40 A previous study of physical activity patterns by heart rate telemetry in Northern Irish 11-16-y-olds as part of the Northern Ireland Health and Fitness Survey showed that adolescents spent only a very small proportion of time with a significantly increased heart rate. 41 This may reflect in part low overall activity levels, and also probably reflects the nature of much physical activity in this age group, which is insufficiently long to cause a substantial heart rate increase. It is somewhat surprising that the observed trends in indices of fatness were not attenuated on adjustment for the trends in physical activity and energy intake, which are widely regarded as the principal determinants of overweight/ obesity. Even among 12-y-old girls who showed the largest trends in fatness and pronounced changes in diet and physical activity, there was no attenuation of the fatness trends with adjustment for these factors. This could be interpreted as suggesting that factors other than energy intake and output determine fatness in children of this age but the most likely explanation is the difficulty of accurately assessing energy balance at an individual level within population-based studies.
The influence of parental overweight/obesity on childhood overweight/obesity 42 was confirmed in this study but there was no evidence that this influence either strengthened or waned during the 1990s. However, observed trends in adult fatness during the 1990s are clearly mirrored in children. These findings indicate the importance of family focused initiatives in tackling childhood obesity. 43 There was some evidence of an increasing relationship between social class and childhood overweight/obesity over the decade between the surveys. This finding may point towards increased social patterning of fatness in childhood, which underlines the importance of recognising that childhood obesity is a societal problem. 44 A recently published joint report from the Royal Colleges of Physicians, Paediatricians and Child Health, and the Faculty of Public Health has examined the complex social influences on obesity trends and has provided the UK Government with a series of multisectoral recommendations aimed at halting these trends. 45 In turn, the Governments seem willing to address the issue of obesity and has included it as one of the key issues in a recent public consultation exercise. 46 The effect of these strategies on childhood obesity trends remains to be seen, however, should they be ineffective, the consequences for the health of UK adults will be substantial.
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